Physical activity can prevent and/or attenuate atherosclerosis, a disease clearly linked to inflammation. Paradoxically, even brief exercise induces a stress response and increases inflammatory cells like monocytes in the circulation. We hypothesized that exercise would regulate the expression of genes, gene pathways, and microRNAs in monocytes in a way that could limit pro-inflammatory function and drive monocytes to prevent, rather than contribute to, atherosclerosis. Twelve healthy men (22-30 year old) performed ten 2-min bouts of cycle ergometer exercise at a constant work equivalent to an average of 82% of maximum O 2 consumption interspersed with 1-min rest. Blood was drawn before and immediately after the exercise. Monocytes were isolated from peripheral blood mononuclear cells. Flow cytometry was used to identify monocyte subtypes. We used Affymetrix U133 + 2.0 arrays for gene expression and Agilent Human miRNA V2 Microarray for miRNAs. A stringent statistical approach (FDR <0.05) was used to determine that exercise significantly altered the expression of 894 annotated genes and 19 miRNAs. We found distinct gene alterations that were likely to direct monocytes in an anti-inflammatory, anti-atherogenic pathway, including the downregulation of monocyte TNF, TLR4, and CD36 genes and the upregulation of EREG and CXCR4. Exercise significantly altered a number of microRNAs that likely influence monocytes involvement in vascular health. Exercise leads to a novel genomic profile of circulating monocytes, which appears to promote cardiovascular health despite the overall stress response.
Introduction
It is increasingly recognized that physical activity can (at appropriate levels of duration and intensity) prevent and/or attenuate atherosclerosis (Ahmed et al., 2012) , a disease now recognized to be associated with chronic inflammation (Woollard, 2013) . Paradoxically, even brief bouts of physical activity substantially perturb cellular homeostasis and dramatically increase the number of inflammatory cells in the circulation, simulating stress responses in many ways that parallel the classical ''danger'' pattern of immune and inflammatory activation (Pradeu and Cooper, 2012) . Precisely how exercise can stimulate immune and inflammatory processes and simultaneously attenuate cardiovascular disease remains unknown. In this study, we reasoned that brief exercise would activate many pro-inflammatory genes in circulating monocytes [inflammatory cells that play a key role in atherosclerosis (Woollard, 2013)] and their regulatory elements, microRNAs [short (20-24 nt) noncoding RNAs that are involved in post-transcriptional regulation of gene expression by affecting both the stability and translation of mRNAs]. However, we hypothesized that exercise would alter the expression of genes, gene pathways, and microRNAs in the circulating monocytes in a way that could limit pro-inflammatory function and drive monocytes to prevent, rather than exacerbate, atherosclerosis.
There is increasing focus on understanding the mechanisms that could attenuate activation of monocytes and prevent them from invading endothelium, contributing to plaque formation. Recent research demonstrates the substantial genomic, epigenetic, and functional heterogeneity of monocytes in cardiovascular disease (Zawada et al., 2012) , but very little is known about the impact of brief exercise expression and regulation of genes in circulating monocytes. Consequently, our studies provided us with the unique opportunity to compare the impact of brief exercise on monocyte gene expression and regulation with observations made by other workers in humans with atherosclerosis and vascular disease. Moreover, based on flow cytometry analysis, there is the evolving recognition of distinct monocyte subtypes within the circulation and that these monocyte subtypes might influence the pathophysiology of cardiovascular disease (Wong et al., 2012) . Exercise acutely increases the number of circulating monocytes and initial investigations suggest that the monocyte subtypes are
